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SUMMARY 
An investigation has been conducted with a twin-engine airplane 
model in the Langley 300 MPH 7- by 10-foot tunnel to determine the magni-
tude of the changes in aerodynamic forces and moments resulting from pro-
peller pitch reversal. The effects of both positive and negative thrust 
coefficients were investigated at a Reynolds number of 550}000. The 
investigation indicated that the lift} longitudinal-force} and pitching-
moment coefficients varied almost linearly with total thrust coefficient 
through the negative and positive thrust range. The lateral-force} 
yaWing-moment} and rolling-moment coefficients were found to vary as 
approximately linear functions of asymmetric thrust coefficient. From 
analyzing the basic data of the investigation} a method is suggested 
which will give a reasonable estimate of the effects of thrust reversal 
on the aerodynamic characteristics of an airplane by using existing wind-
tunnel data. The investigation showed that} for extreme asymmetric-thrust 
conditions} the rolling and yawing moments are of such magnitudes that 
marginal or inadequate lateral and directional control may possibly be 
encountered on twin-engine airplanes. 
INTRODUCTION 
Numerous twin-engine and multi engine airplanes have experienced 
difficulty in maintaining flight because of the large untrimmed forces 
and moments obtained when one or more of the propellers inadvertently 
move to reverse pitch. An investigation of the forces experienced on a 
twin-engine airplane (tractor propellers) with symmetric or asymmetric 
thrust reversal has been made in the Langley 300 MPH 7- by lO-foot tun-
nel. The investigation was made with a model representative of a typical 
tWin-engine airplane. 
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Static-force tests were made through the lift- coefficient range 
up through the stall to determine the effects of various amounts of posi-
tive and negative thrust on the longitudinal and lateral aerodynamic 
forces and moments of the model. The tests included both symmetric-
and asymmetric - thrust conditions through a negative and positive thrust 
range. Rudder and aileron effectivenes s tests were made to determine 
whether the controls were capable of trimming out the moments resulting 
from maximum- asymmetric - thrust conditions. Some results of the side-
slip characteristics of the model with asymmetric thrust through an 
angle-of-sideslip range are also presented. 
A method of estimating the aerodynamic forces and moments caused by 
asymmetric - thrust conditions has been developed through analysis of the 
test data . 
An example of performance calculations to cover asymmetric - thrust 
conditions and an estimate of the untrimmed moments and forces caused 
by asymmetric thrust as compared to the available control power are 
presented . 
SYMBOLS 
All forces and moments are presented with respect to the stability 
axes and are referred to a center - of- gravity location of 25 percent mean 
aerodynamic chord of the model . A sketch showing the positive directions 
of the forces, moments, and angles is given in figure 1. 
w 
S 
c 
b 
y 
q 
p 
v 
weight, lb 
wing area, sq ft 
mean aerodynamic chord, ft 
wing span, ft 
lateral distance from fuselage center line to center line of 
thrust, ft 
dynamic pressure, ~v2, lb/sq ft 
mass density of air, slugs/cu ft 
free - stream velocity, ft/sec 
indicated velocity, mph 
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W/s wing loading, lb/sQ ft 
a angle of attack of fuselage center line, deg 
~ angle of sideslip, deg 
Cz 
Cy 
lift coefficient, 
drag coefficient, 
Lift 
qS 
Drag 
QS 
longitudinal-force coefficient, Longitudinal force 
qS 
pitching-moment coefficient, 
yaw·ing-moment coefficient, 
rOlling-moment coefficient, 
lateral-force coefficient, 
Pitching moment 
qSc 
Yawing moment 
QSb 
Rolling moment 
qSb 
Lateral force 
qS 
~L incremental change in lift coefficient caused by change in 
total thrust coefficient 
incremental change in pitching-moment coefficient caused by 
change in total thrust coef·ficient 
~z incremental change in rolling-moment coefficient caused by 
asymmetric thrust coefficient 
~n incremental change in yawing-moment coefficient caused by 
asymmetric thrust coefficient 
incremental change in lateral-force coefficient caused by 
asymmetric thrust coefficient 
it tail incidence with respect to fuselage center line, deg 
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Subscripts: 
R 
L 
a 
r 
wing flap deflection, deg 
aileron deflection, deg 
rudder deflection, deg 
thrust, lb 
effective thrust coefficient, Thrust qS 
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thrust-coefficient differential caused by asymmetric thrust; 
positive when a positive yawing moment is produced, 
Tc l - T ' L c R 
right 
left 
aileron 
rudder 
APPARATUS AND MEl'HODS 
Description of Model 
The investigation was made in the Langley )00 MPH 7- by 10-foot 
tunnel with a model of a typical twin-engine airplane. A sketch of the 
model is presented in figure 2 and a photograph of the model mounted in 
the tunnel is shown in figure ), whereas table I presents the physical 
characteristics of the model. The airfoil section used on the wing was 
19 percent thick at the root and 15 percent thick at the tip. The model 
wing had an aspect ratio of 10.07 and a taper ratio of 0.)88. In general, 
the model was constructed of wood with steel reinforcing members. 
The geometric characteristics of the cast-aluminum model propeller 
a s compared to a representative full-scale propeller are given in fig-
ure 4. The thickness ratio of the model propeller was shown to be more 
than twice that of the representative full-scale propeller. As the 
thickness primarily influences the torque coefficient and since the 
torque of the model propeller was too small to be measured by the tunnel 
balance system, thickness effects were neglected in this investigation. 
The blade angles used in the tests (180 at 0 . 75R for positive thrust 
conditions and 00 at 0.75R for negative thrust conditions) were selected 
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to simulate the thrust that might be encountered in both the normal and 
negative thrust ranges of a twin-engine airplane. 
The model propellers were driven by two independently operated, 
water-cooled, variable-speed l6-horsepower electric motors. The rota-
tional speed of the propellers was independently determined by observa-
tion of stroboscopic-type indicators which indicated the output frequency 
of each of two small alternators connected to the motor shafts. The 
accuracy of the frequency indicators was within to.05 percent. 
The model was equipped with one plain flap-type aileron located on 
the left wing, double slotted lift flaps, an adjustable horizontal tail, 
and an adjustable rudder. 
Tests 
Tests were made at a dynamic pressure of 12.25 pounds per square 
foot, which corresponds to a Reynolds number of 550,000 based on the 
mean aerodynamic chord of the wing. 
A propeller calibration was made with the propeller mounted in front 
of a streamlined fairing which housed the driving motor. Each propeller 
was calibrated by measuring the resultant longitudinal force with the 
propeller thrust axis at 00 angle of attack for a range of propeller 
speeds and blade-angle settings. The effective thrust coefficients were 
computed from the following relationship: 
T == iCon - Xoff 
Tc ' ::: 
T 
where Xon is the longitudinal force obtained with the propeller oper-
ating and Xaff is the longitudinal force of the fairing with the propeller 
removed. The propeller calibration was checked on the model and no appre-
ciable interference effects were noted . 
For the constant-thrust-coefficient tests, the propeller speed was 
held constant while the angle of attack of the model was varied . The 
thrust coefficients invest igated for an individual propeller ranged 
from 0.167 to -0.150· I 
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Corrections 
The angle-of-attack, longitudinal-force, and pitching-moment results 
have been corrected for jet boundary effects computed by the methods of 
reference 1. All coefficients have been corrected for tunnel blockage 
by the method of reference 2. 
Corrections for tare forces and moments produced by the interference 
of the support strut have not been applied. The strut tare correction 
would affect the absolute levels of the drag and pitching-moment curves; 
however, past experience has shown that this would not appreciably affect 
incremental results and therefore should not alter any conclus ions made 
in the present paper. For the tests in sideslip, the strut tare would 
produce small corrections to the pitching-moment, longitudinal-force , 
l ateral-force. and yawing-moment coefficients. The tares caused by the 
restraint of the power cables and cooling-water tubing were erratic , 
especially when the model was moved through 00 sideslip. Care was exer-
cised, in making the investigation, to reduce these tares to a minimum; 
however, it is felt that for the sideslip tests only the values of forces 
and moments beyond values of sideslip of ±2° should be used in the analysis 
of the data. 
Vertical bouyancy on the support strut, tunnel air-flow misaline-
ment, and longitudinal-pressure gradient have been accounted for in com-
putation of the test data. 
RESULTS AND DISCUSSION 
Presentation of Data 
The figures of the basic data, cross plots, and performance calcu-
lations are presented as follows: All data are presented for the com-
plete model unless otherwise noted. 
Effect of mode of rotation of propellers for 
asymmetric - thrust conditions 
Effect of landing gear . . . 
Ba sic data in pitch attitude 
Control data . . . . . . 
Basic sideslip data . . • . 
Analysis of basic data . . . 
Typical performance and control estimates 
7 
13 
17 
21 
26 
Figure 
5 
6 
to 12 
to 16 
to 20 
to 25 
to 34 
l _____________ _ 
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Basic Data 
Characteristic in pitch attitude.- The characteristics of the model 
were Quite similar when the right propeller instead of the left propeller 
produced the negative thrust as shown in figure 5. The effect of extending 
the landing gear is shown in figure 6. As no appreciable effects of pro-
peller mode of rotation or of extending the landing gear were evident, 
the remaining tests were made with the landing gear retracted and with 
asymmetric-thrust conditions being produced only by the left propeller. 
The basic data presented in figures 7 to l2 indicate that the lift 
coefficient increased as expected with increased thrust while the lateral 
moments varied as a function of asymmetric thrust. These data show that 
a large thrust differential and large negative symmetric-thrust conditions 
caused an abrupt roll-off above the stall (a ~ 170 ). It should be noted, 
however, that the stall progression might very well be affected by the 
low Reynolds number (550,000) of these tests. 
Characteristics in sideslip.- The effects of asymmetric thrust on 
the characteristics of the model in sideslip are shown in figures 17 to 
20 with the flaps neutral and deflected. The rudder characteristics for 
asymmetric-thrust conditions in sideslip are shown in figure 17. The 
results of the tests in sideslip should in most cases be used only beyond 
±2° sideslip where the erratic restraining forces of the power cable are 
assumed to be small. 
Analysis of Effects of Symmetric and Asymmetric Thrust 
on the Aerodynamic Characteristics 
In an attempt to analyze the data obtained in this investigation, 
cross plots of figures 7 to 11 were made to determine the effects of 
thrust coefficient on the aerodynamic characteristics. (See figs. 21 
to 24.) 
The scatter of the test points in the cross plots could be caused 
in part by the absence of the propeller normal force for the test con-
ditions of zero thrust when both propellers were removed and for some 
of the asymmetric-thrust conditions when one propeller was removed. Esti-
mates of normal force of these propellers (ref. 3) indicate that the 
normal-force corrections to lift coefficient are small but their effect 
on pitching moment are of significant rr~gnitude and would tend to decrease 
the scatter in the data. Conditions where one or both of the propellers 
are removed are indicated by the flagged symbols. 
The cross plots of lift ((a) parts of figs. 21 to 24) show that the 
lift coefficient appears to be proportional to the total thrust coeffi-
cient and that the linearity holds true through both the negative and 
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positive thrust - coefficient ranges tested. In cases where there is a 
large variation in the sizes of each incremental wing area immersed in 
the propeller slipstream (for example, a four - engine airplane with tapered 
wings), the curves might depart from linearity. In this case, if lift 
were plotted against ~ (Effective thrust coefficient x Area in sliPstream), 
a linear variation would probably result. 
If the effects of thrust on lift coefficient are not available by 
experimental methods, an estimate of the CL against Tc'Total curve 
(tail off) can be made by adding the slipstream components predicted by 
reference 4 and the thrust component (Tc' sin a). (See fig. 25.) The 
curves obtained in this manner underestimate the experimental values at 
the higher thrust coefficients (see, for example, fig. 25); however, 
reasonable agreement can be obtained if a linear fairing is made through 
the low- thrust - coefficient range and extended into the directions of 
both positive and negative thrust. An examination of the cross-plotted 
data showed that the pitching-moment coefficients also varied linearly 
with total thrust coefficient. Comparison of tail-on and tail-off data 
(figs. 21 to 24) shows that the tail contributes to the lift and pitching 
moment, but does not appreciably alter their linearity with total thrust 
coefficient. 
These data show that, on multiengine airplanes, differences in 
thrust between propellers produce asymmetric lift loadings over the wing 
which result in rolling moments about the center of gravity of the air-
planej also, that such a thrust differential would produce yawing moments 
as a result of the individual thrust loads. Simple analysis hased on 
figures 21 to 24 shows that rolling moments for this model can be pre-
dicted if the changes in lift caused by the propeller slipstreams are 
multiplied by the moment arm of each propeller DeL t. The rolling-
moment coefficients obtained from such lift increments generally slightly 
overestimate the measured rolling-moment coefficients (figs. 21 to 24). 
The rolling moments calculated by using lift values obtained by the 
empirical method of reference 4 would be somewhat lower than those 
obtained from the experimental curve of CL against Tc'Total' In a 
similar manner, yawing moments can be estimated by multiplying the thrust 
differential between propellers by the moment arm. The yawing-moment 
coefficients obtained in this manner (parts (b) of figs. 21 to 24) gen-
erally underestimate the values obtained experimentally, possibly because 
this method does not include the effects of the slipstream on the wing 
and tailor the effect of thrust-axis inclination. 
- - .. -- ---
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Typical Performance and Control Estimates 
It should be noted that results presented herein should be interpreted 
as being purely illustrative inasmuch as the model tested does not simulate 
any specific airplane in all details and since the drag values were not cor-
rected for strut tares. An example of the application of data obtained by 
the methods presented in the preceding section is shown in figures 26 to 34. 
The airplane used in this example is a scaled-up version of the model tested. 
In making performance and control estimates it is desirable to have plots 
showing the variation of aerodynamic force and moment coefficients with 
total and asymmetric thrust coefficients similar to those of figures 26 
and 27. These curves in conjunction with the curve of trim lift coeffi-
cient plotted against indicated velocity (fig. 28) were used to obtain 
the thrust required to maintain level flight (fig. 29) and to determine 
the change in lateral control moments (fig. 34) caused by an asymmetric-
thrust condition. In order to fully utilize these plots, the actual 
positive and negative thrust characteristics of the full-scale propeller 
must be known, especially the negative thrust values obtained when a 
propeller enters the negative pitch range. The thrust characteristics 
of the propellers could be obtained, if available, from the propeller manu-
facturer or could be estimated by using reference 5. 
In order to make the estimates of thrust required for asymmetric-
thrust level-flight conditions more complete, -a breakdown of the thrust 
required for each propeller should be made similar to that of figure 30. 
Such a breakdown shows the range of conditions in which the airplane has 
sufficient thrust coefficient to maintain level flight with one engine 
inoperative, as encountered when inadVertent propeller pitch reversal 
occurs. Under extreme asymmetric-thrust conditions, a loss in thrust 
could be so great that level flight could not be maintained in which 
case it would be desirable to know the rate of descent. A typical rate 
of climb or descent curve extended into the negative thrust range is 
shown in figure 31. 
It is desirable to know the extent of untrimmed lateral-control 
moments produced by asymmetric-thrust conditions. A carpet showing 
level-flight untrimmed rolling- and yawing-moment coefficients produced 
by various asymmetric-thrust conditions is shown in figure 34. Included 
in this figure are curves showing the control moments produced by 
±30o deflection of the plain ailerons with which this model was equipped 
and by -300 deflection of the rudder. The control curves were obtained 
from figures 13 and 33 from an average curve by assuming the effect of 
thrust (for the flap-neutral configuration) on the aileron and rudder 
to be negligible. Figure 34 shows that, under certain asymmetric -thrust 
conditions, the rolling and yawing moments are of such magnitude that the 
aileron and rudder power would be insufficient or marginal in controlling 
the airplane. It should be noted that dynamic effects caused by transi-
I 
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tion from a symmetric- to an asymmetric -thrust condition might considerably 
alter the control power required. Note that for this model there is an 
abrupt roll-off at stall (see basic data, figs. 7 to 12). 
CONCLUSIONS 
The following conclusions are indicated from the investigation of 
the effects of symmetric and asymmetric thrust reversal on the aerody-
namic characteristics of a twin-engine airplane : 
1. The lift ) longitudinal- force, and pitching-moment coefficients 
of a tWin-engine airplane generally varied as linear functions of total 
thrust coefficient through the negative and positive thrust ranges inves-
tigated. The lateral-force) yawing- moment) and rolling- moment coefficients 
generally varied as linear functions of the asymmetric thrust coefficient. 
2. The present investigation indicates that reasonable estimates of 
the effects of asymmetric thrust on the aerodynamic characteristics of a 
multiengine airplane can be made if symmetric-thrust data are available 
for obtaining a curve of lift coefficient plotted against total thrust 
coefficient . In the absence of experimental data the effects of asym-
metric thrust can be estimated by a simple empirical method. 
3. Estimates indicate that extreme asymmetric - thrust conditions can 
result in rolling and yawing moments which could be of such magnitude as 
to result in marginal or inadequate lateral and directional control. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va . , May 22, 1953. 
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TABLE I. - PHYSICAL CHARACTERISTICS OF MODEL 
Wing: 
Airfoil section 
Root .... 
Tip 
Area, sq ft 
Span, ft .. 
Chord 
Root, ft . . • . 
Tip, ft ..•. 
Aspect ratio . 
Taper ratio • • • . 
Sweepback of c/4, deg 
Dihedral 
Inboard (0 to 1.75 ft station), deg 
Outboard (1.75 ft station to tip), deg 
Incidence, deg . . . . . . 
Mean aerodynamic chord, ft . . 
Flaps: 
~e ••••••••••••• 
Chord, percent wing chord 
Total area both sides, sq ft •.•. 
Span (along hinge line), each 
Inboard, ft 
Outboard, ft . • . ~ . 
Ailerons (plain): 
Span, ft . . . . . . . . . . • . 
Location 
Center line to inboard, ft 
Center line to outboard, ft 
Chord 
Inboard, ft 
Outboard, ft 
Horizontal tai l: 
Airfoil section 
Root .. 
Tip . . • • 
Span , ft . 
Area , sq ft 
Chord 
Root, ft . 
Tip , ft 
Mean aerodynamic chord, ft . 
19 percent thick 
15 percent thick 
6.169 
8.1647 
1.120 
0.434-
10.07 
0·388 
o 
3 
10 
3 
0. 878 
Double s l otted 
25. 67 
1.15 
0· 950 
1 . 655 
1. 02 
2. 96 
3. 97 
0.145 
0.103 
13 percent thick 
10 percent thick 
3·22 
2.106 
0· 950 
0·379 
0· 705 
~ 
NACA TN 2979 13 
TABLE 1.- PHYSICAL CHARACTERISTICS OF MODEL - Concluded 
Aspect ratio . . 
Incidence 
Dihedral, deg . . . 
Tail length (cj4 wing to cf4 tail), ft 
Taper ratio 
Sweepback of leading edge, deg ..... . 
Vertical tail: 
Airfoil section 
Root and tip 
Area, sq ft 
Span, ft . 
Chord 
Root, ft 
Tip, ft 
Sweepback of leading edge, deg 
Aspect ratio 
Taper ratio 
Mean aerodynamic chord, ft . 
Tail length (cj4 wing to cj4 tail), ft 
Rudder: 
Chord, average, behind hinge line, ft 
Span along hinge line, ft 
Area, behind hinge line, sq ft 
Area of balance, sq ft .... 
Dorsal fin: 
Area, sq ft 
Engines and propellers: 
Engine rating, hp 
Engine rotational speed, rpm . 
Propeller diameter, ft . 
Number of blades . . . . 
Inclination of thrust axis 
4.88 
. Variable 
8 
3.29 
0.400 
13.65 
. 11 percent thick 
0.906 
1.251 
1.005 
.453 
3.45 
1.727 
0.451 
0·765 
3·070 
0.242 
1.260 
0.3045 
. 0.1255 
0·5053 
16 
14,000 
1.125 
4 
10 37' 
~ 
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Figure 1 . - System of axes showing positive directions of forces, moments, 
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Figure 3.- Photograph of the model mounted in Langley 300 MPH 7- by 
10-foot tunnel. ~
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Figure 4. - A comparison of full - scale and model propeller blade 
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Figure 5.- A comparison of the effect of negative thrust produced by 
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Figure 7·- Effects of symmetric and asymmetric thrust on the aerodynamic 
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Figure 10.- Effects of symmetric and asymmetric thrust on the aerodynamic 
characteristics. Of = 25°; it = 0°. 
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Figure 10.- Continued. 
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Figure 11.- Effects of asymmetric thrust on the aerodynamic characteristics. 
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Figure 21.- Concluded. 
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(a) Effect of t ot a l thrust coefficient on aerodynamic 
characteristics . 
Figure 22.- A cross plot of basic aerodynamic data against thrust 
coeffic i ent. Of = 250 ; it = 0°. 
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(b) Effect of asymmetric thrust coefficient on aerodynamic 
characteristics. 
Figure 22.- Concluded. 
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characteristics. 
Figure 23.- A cross plot of basic aerodynamic data against thrust 
coefficient. Tail off; 5~ = 00. 
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Figure 23.- Concluded. 
~ 
~ 
I\) 
\0 
~ 
\0 
\Jl 
f--' 
52 NACA TN 2979 
0 IJf 'T ~ r' c~, t I 
~ I~ hl"'-
0 fO -t- l.;; j +- ~ 1-1--i f-I-r~ 'T ·+..I-+- . HI + j- , 
0 
J 0 
.... -
t::: .~ 0 
~ Ii;:: 0 'll 
8 
~ 0 
~ .2 0 
E: 
'0 .~ 
~ ~ ~2 
it 
-4 
22 
2.0 
/.8 
(j /.6 
.... -
t::: 14 .~ 
.!:; 
~ /2 ~ ~ /0 ~ 
...J 
.8 
1 
B 
6 j 
14 f+H \+ ~ 
Z ,T 
H-It 
0 14 
.~/~ 
1-1 It t 1'1 j. " 
I - I+h- r h- .,..\-1 H 1+ .. 1-+ 
- I 
+ 1-. +- +-I ·l 
t 11+ 
b I .1-1+ 
i 
I' 
. . 
I"" 
-+ 
, 
A Asymmetric, rc; =0167 + , { o Asymmetric, rcA' =0083 
.08 ,/2 ./6 .20 .24 .28 32 .36 
-,;.' =-,;. ' +-,;.' CrOml CL CR 
(a ) Effect of total thrust coefficient on aerodynamic 
characteristics . 
Figure 24 .- A cross plot of basic aerodynamic data against thrust 
coefficient . Tail off; Of = 25° . 
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Figure 25 .- Comparison of experimental and empirica l lift variations 
with total thrust coefficient. Tail off; a = 12°. 
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Figure 26 .- Typical plots for various thrust conditions obtained from 
plots of linearized aerodynamic characteristics against thrust 
coefficient. Ta il on; of = 0°; it = -40. 
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Figure 26 .- Continued . 
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Figure 26 . - Concluded. 
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(a) Effect of total thrust coefficient on aerodynamic 
characteristics . 
Figure 27. - Typical plots for various thrust conditions obtained from 
plots of linearized aerodynamic characteristics against thrust 
coefficient. Tail on ; of = 250 ; it = 0°. 
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Figure 28 .- Variation of indicated velocity with trim lift coefficient 
for a typical twin- engine airplane. 
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Figure 29.- I l lustrat i ve variation of total t hrust coefficient with trim 
lift coefficient f or a typical twin-engine a irplane. Model drag da t a 
not corrected for strut tares. 
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Figure 30.- Illustrative variation of indicated velocity with thrust 
coefficient of the right propeller of a twin-engine airplane for vari-
ous increments of thrust coefficient on the left engine . Model drag 
data not corrected for strut t ares. Of = 00 ; altitude, 5,000 feet; 
~ = 40 pounds per s~uare foot. 
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Figure 31 .- Illustrative variation of indicated velocity with total thrust 
coefficient for various rates of climb for a typical twin- engine air -
plane . Model drag data not corrected for strut tares. Of = 00 ; 
w 
- = 40 pounds per square foot. S 
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Figure 32.- Effect of thrust coefficient on aileron characteristics. 
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Figure 33 .- Rudder characteristics of the model for various asymmetric -
thrust conditions . 
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Figure 34 . - Effect of asymmet r i c t hrus t coefficient on t he l evel-flight 
lateral control characteristics of a typical twin-engine airplane. 
W Of = 00 ; - = 40 pounds per s quare f oot. 
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